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© In a semiconductor power module, a surge volt- 
age on a power source line of a semiconductor 
element for electric power control is restrained. A 
power source terminal PS(NP) is comprised of pow- 
er source terminals PS(P) and PS(N) which are 
arranged adjacent each other through a plate-like 
insulative sheet INS1 made of insulative synthetic 
resin or the like sandwitched therebetween. The 
power source terminals PS(P) and PS(N) are each 
formed by a conductive plate and respectively trans- 
mit a positive and a negative power source poten- 
tials. The thickness of the insulative sheet INS1 is 
0.5 mm to 1,5 mm, for instance. A reduction is made 
in a parasitic inductance which is present in the 
power source line which extends from the power 
source terminal PS(P) to the power source terminal 
PS(N) through the semiconductor element for elec- 
tric power control, thereby suppressing a surge volt- 
age which is developed between the power source 
terminal PS(P) and the power source terminal PS(N). 
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BACKGROUND OF THE INVENTION 

Field of the Invention £ 

The present invention relates to a semiconduc- 
tor power module, and particularly to improvement 
for suppressing a surge voltage. 

Description of the Prior Art 

A semiconductor power module is a device 
which comprises a circuit which controls electric 
power by using an active semiconductor element 
for electric power control. Some semiconductor 
power modules further comprise a control circuit 
which comprises an active semiconductor element. 
In a semiconductor power module comprising a 
control circuit, the circuit for controlling electric 
power mentioned above is regarded as a main 
circuit and the active semiconductor element of the 
control circuit controls operations of the main cir- 
cuit by means of signal transmission between the 
active semiconductor element and the main circuit. 
The most commonly encountered application of a 
semiconductor power module is an invertor or the 
like for controlling operations of a motor or the like. 

Fig. 14 is a plan view of a circuit part of a 
conventional semiconductor power module. In this 
device, the normal rated output power is about 0.5 
kW and an electric power is cyclically blocked and 
connected at a frequency of about 5 kHz. In the 
circuit of this device, conductive wiring patterns P- 
(P), P<N), P(U), P(V), P(W) and P(G1) to P(G6) are 
formed on the top surfaces of insulative circuit 
board bodies SB1 to SB3. Insulative gate bipolar 
transistor elements (IGBT elements) Ta1 to Ta3 
and Tb1 to Tb3, which are each constructed as an 
electric power control semiconductor element, are 
disposed on the top surfaces of the conductive 
wiring patterns P(P). IGBT elements Ta4 and Tb4 
are disposed on the top surface of the wiring 
pattern P(U), IGBT elements Ta5 and Tb5 are 
disposed on the top surface of the wiring pattern P- 
(V), and IGBT elements Ta6 and Tb6 are disposed 
on the top surface of the wiring pattern P(W), The 
conductive wiring patterns P(P), which are respec- 
tively formed on the top surface's of the circuit 
board bodies SB1 to SB3, are electrically con- 
nected to each other by jumper^ J1 and J2 while 
the conductive wiring patterns P{N) are electrically 
connected to each other by jumpers J3 and J4 in a 
similar manner. The portions shadowed by oblique 
lines in Fig. 14 represent terminals which are con- 
nected to the wiring patterns. A number of conduc- 
tive wires w attain electrical connection between 
the IGBT elements and the wiring patterns and 
electrical connection between the wiring patterns. 



The wiring patterns P(P) and P(N) transfer a 
positive and a negative power source potentials, 
respectively, and supply a power source current to 
the IGBT elements. The wiring patterns P(U), P(V) 

5 and P(W) each carry each one of three-phase 
output currents. The wiring patterns P(G1) to P(G6) 
are wiring patterns for transmitting gate voltages 
which are developed at the IGBT elements. By 
connecting an external power source (not shown) to 

w power source terminals PS(P) and PS(N) to which 
the wiring patterns P(P) and P(N) are connected, 
the power source potentials and the power source 
current are supplied to the IGBT elements. 

The wiring patterns P(P) and P(N) are located 

15 . near opposite ends of the circuit board bodies SB1 
to SB3. Between the wiring patterns P(P) and P(N), 
other wiring patterns including the wiring pattern P- 
<U), the IGBT and other elements are disposed. 
Mounted near the opposite ends of the circuit 

20 board bodies SB1 to SB3, the power source termi- 
nals PS(P) and PS(N) are spaced apart from each 
other. 

A semiconductor power module having a high 
frequency is desired since the higher frequency for 

26 cyclically blocking and connecting electric power a 
semiconductor power module has, e.g. about 10 
kHz or higher, the better performance the semicon- 
ductor power module attains including reduced 
electric power loss, improvement in response and 

30 operation accuracy of an object to be electric- 
power controlled such as a motor or etc. Another 
demand for a semiconductor power module is the 
ability of controlling a larger electric power, for 
example, an electric power of around 1 kW or 

35 more, which is necessary to drive a large, industrial 
use motor or the like. 

The power source current mentioned above 
intermittently flows because of operations of the 
IGBT elements. As the power source current flows 

40 intermittently, due to a parasitic inductance which 
is present in the path of the power source current 
which extends from the power source terminal PS- 
(P) to the power source terminal PS(N) through the 
wiring patterns P(P>/ the IGBT elements and the 

45 wiring patterns P(N), a surge voltage is developed 
in the path. The surge voltage increases in propor- 
tion to an increase in the value or the frequency of 
the power source current which is cyclically bloc- 
ked and connected. If excessively high, the surge 

so voltage causes an electrical noise which leads to 
circuit failure in the device and eventually to de- 
struction of the circuit elements which form the 
circuit. 

In the conventional device as above, a rather 
55 large parasitic inductance exists in the path of the 
power source current. Hence, circuit failure or de- 
struction of the circuit because of the surge voltage 
would not be possibly prevented by mere modifica- 
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tion in the circuit design such as an increased 
current capacity of the wirings of the circuit board 
by incorporating high speed, large current capacity 
semiconductor elements for electric power control 
in the structure of the conventional device. Clearly, 
this is not the answer to the demand for a large 
power, high frequency semiconductor power mod- 
ule. 

SUMMARY OF THE INVENTION 

In a first aspect of the present invention, a 
semiconductor power module comprises: (a) a 
semiconductor element for electric power control, 
respectively; (b) a circuit board, comprising: (b-1) a 
circuit board body having a plate-like insulator; and 
(b-2) a first and a second wiring patterns disposed 
on one major surface of the circuit board in such a 
manner that principal parts of the first and the 
second wiring patterns are adjacent each other, the 
first and the second wiring patterns transmitting a 
first and a second power source potentials to the 
semiconductor element for electric power control; 
and (c) a first and a second power source terminals 
which are connected to the first and the second 
wiring patterns, respectively, the first and the sec- 
ond power source terminals being arranged in the 
vicinity of each other so that power source currents 
flow in the first and the second wiring patterns in 
substantially antiparallel directions. 

In a second aspect of the present invention, a 
semiconductor power module comprises: (a) a 
semiconductor element for electric power control; 
and (b) a power source terminal for transmitting a 
first and a second power source potentials to the 
semiconductor element for electric power control. 
The power source terminal comprises: (b-1) an 
insulative sheet having an insulator of a substan- 
tially plate shape; and (b-2) a first and a second 
conductors each having a substantially plate shape 
for transmitting the first and the second power 
source potentials, respectively, the first and the 
second conductors being respectively mounted 
along a first and a second major surfaces of the 
insulative sheet, the first and the second conduc- 
tors carrying power source currents in substantially 
antiparallel directions. 

In a third aspect of the present invention, a 
semiconductor power module comprises: (a) a 
semiconductor element for electric power control; 
(b) a circuit board, comprising: (b-1) a circuit board 
body having a plate-like insulator; and (b-2) a first 
and a second wiring patterns respectively formed 
in a first and a second different planes which are 
parallel to a major surface of the circuit board body 
in such a manner that principal parts of the first 
and the second wiring patterns are facing each 
other, the first and the second wiring patterns 



transmitting a first and a second power source 
potentials to the semiconductor element for electric 
power control, respectively; and (c) a first and a 
second power source terminals which are con- 

5 nected to the first and the second wiring patterns, 
respectively, the first and the second power source 
terminals being arranged jin the vicinity of each 
other so that power source currents flow in the first 
and the second wiring patterns in substantially an- 

w ti parallel directions. i 

In a fourth aspect of the present invention, a 
semiconductor power module comprises: (a) a 
semiconductor element for electric power control; 
and (b) a power source terminal for transmitting a 

75 first and a second power source potentials to the 
semiconductor element for electric power control, 
the power source terminal comprises: (b-1) a first 
insulative sheet having an insulator of a substan- 
tially plate shape; and (b-2) a first and a second 

20 conductors each having a substantially plate shape 
for transmitting the first and the second power 
source potentials, respectively, the first and the 
second conductors being respectively mounted 
along a first and a second major surfaces of the 

25 first insulative sheet, the first and the second con- 
ductors carrying power source currents in substan- 
tially antiparallel directions; and (c) an external 
power source terminal connected to the power 
source terminal by a connection member of an 

30 excellent conductivity, the external power source 
terminal comprising: (c-1) a second insulative sheet 
having an insulator of a substantially plate shape; 
and (c-2) a third and a fourth conductors each 
having a substantially plate shape for transmitting 

35 the first and the second power source potentials, 
respectively, the third and the fourth conductors 
being respectively mounted along a third and a 
fourth major surfaces of the second insulative 
sheet, the third and the fourth conductors carrying 

40 power source currents in substantially antiparallel 
directions. The power source terminal and the ex- 
ternal power source terminal are connected by the 
connection member in such a manner that the first 
and the third conductors are in pressure contact 

45 and hence in electrical connection to each other, 
and the second and the fourth conductors, each in 
pressure contact to the connection member, are 
electrically coupled to each other through the con- 
nection member. 

so Preferably, in the second aspect of the present 

invention, the semiconductor power module further 
comprises (c) a circuit board, the circuit board 
comprising (c-1) a circuit board body having a 
plate-like insulator; and (c-2) ajj first and a second 

55 wiring patterns disposed on one major surface of 
the circuit board body in such a manner that princi- 
pal parts of the first and the second wiring patterns 
are adjacent each other, the first and the second 
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wiring patterns transmitting a first and a second 
power source potentials to l^e semiconductor ele- 
ment for electric power control, respectively, the 
first and the second wiring patterns being con- 
nected to the first and the second conductors, 
respectively. 

Alternatively, in the second aspect of the 
present invention, the semiconductor power mod- 
ule further comprises (c) a circuit board, the circuit 
board comprising (c-1) a circuit board body having 
a plate-like insulator; and (c-2) a first and a second 
wiring patterns respectively formed in a first and a 
second different planes which are parallel to a 
major surface of the circuit board body in such a 
manner that principal parts of the first and the 
second wiring patterns are facing each other, the 
first and the second wiring patterns transmitting a 
first and a second power source potentials to the 
semiconductor element for electric power control, 
respectively, the first and the second wiring pat- 
terns being connected to the first and the second 
conductors, respectively. 

As heretofore described, according to the first 
aspect of the present invention, the first and the 
second wiring patterns for transmitting the first and 
the second power source potentials to the semi- 
conductor element for electric power control are 
disposed on the major surface of the circuit board 
in such a manner that the principal parts of the first 
and the second wiring patterns are adjacent each 
other. In addition, the first and the second power 
source terminals connected to these wiring patterns 
are disposed adjacent each other so that power 
source currents flow in the first and the second 
wiring patterns in substantially antiparallel direc- 
tions. Hence, a parasitic inductance is reduced 
which is present in the path of the power source 
current which extends from the first power source 
terminal to the second power source terminal 
through the first wiring pattern, the semiconductor 
element for electric power control and the second 
wiring pattern. As a result, a surge voltage is sup- 
pressed which is created by intermittent variations 
in a current which flows in the path in accordance 
with operations of the semiconductor element for 
electric power control. ' t 

According to the second aspect of the present 
invention, the power source terminal for transmit- 
ting the first and the second po^ver source poten- 
tials to the semiconductor element for electric pow- 
er control is comprised of the first and the second 
substantially plate-like shaped conductors and the 
substantially plate-like shaped insulative sheet 
which is interposed between the first and the sec- 
ond conductors. The first and the second power 
source potentials are transferred by the first and 
the second conductors, respectively. In these con- 
ductors, the power source currents flow in substan- 



tially antiparallel directions. This restrains a para- 
sitic inductance which is present in the path of the 
power source current which extends from the first 
power source terminal to the second power source 

5 terminal through the semiconductor element for 
electric power control. As a result, a surge voltage 
is suppressed which is created by intermittent vari- 
ations in a current which flows in the path in 
accordance with operations of the semiconductor 

io element for electric power control. 

According to the third aspect of the present 
invention, the wiring patterns for transmitting the 
first and the second power source potentials to the 
semiconductor element for electric power control 

75 are formed on the circuit board in such a manner 
that their principal parts are facing each other. The 
first and the second power source terminals con- 
nected to these wiring patterns are disposed adja- 
cent each other so that power source currents flow 

20 in the first and the second wiring patterns in sub- 
stantially antiparallel directions. Hence, a parasitic 
inductance is reduced which is present in the path 
of the power source current which extends from the 
first power source terminal to the second power 

25 source terminal through the first wiring pattern, the 
semiconductor element for electric power control 
and the second wiring pattern. As a result, a surge 
voltage is suppressed which is created by intermit- 
tent variations in a current which flows in the path 

30 in accordance with operations of the semiconductor 
element for electric power control. 

According to the fourth aspect of the present 
invention, the power source terminal for transmit- 
ting the first and the second power source poten- 

35 tials to the semiconductor element for electric pow- 
er control is comprised of the first and the second 
substantially plate-like shaped conductors and the 
substantially plate-like shaped insulative sheet 
which is interposed between the first and the sec- 

40 ond conductors. The first and the second power 
source potentials are transferred by the first and 
the second conductors, respectively. In these con- 
ductors, the power source currents flow in substan- 
tially antiparallel directions. The external power 

45 source terminal for coupling the external power 
source and the power source terminal has a similar 
structure. Hence, a parasitic inductance is reduced 
which is present in the path of the power source 
current which extends from the third conductor to 

50 the fourth conductor through the semiconductor 
element for electric power control. As a result, a 
surge voltage is suppressed which is created by 
intermittent variations in a current which flows in 
the path in accordance with operations of the semi- 

55 conductor element for electric power control. Fur- 
ther, the external power source terminal and the 
power source terminal are connected to each other 
by the connection member in an easy manner. 
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Since the first and the third conductors are in direct 
contact each other and the second and the fourth 
conductors are coupled through the connection 
member, an inductance is restrained which is 
present at the connection part at which the power 
source terminal and the external power source ter- 
minal are connected to each other. 

Accordingly, it is an object of the present in- 
vention to obtain a high frequency semiconductor 
power module which is capable of handling a large 
electric power without causing circuit failure or cir- 
cuit destruction induced by a surge voltage. 

These and other objects, features, aspects and 
advantages of the present invention will become 
more apparent from the following detailed descrip- 
tion of the present invention when taken in conjunc- 
tion with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a cross sectional view showing a power 
source terminal and an area around the same in 
a second preferred embodiment of the present 
invention; 

Fig. 2 is a circuitry diagram of a device accord- 
ing to a first preferred embodiment of the 
present invention; 

Fig. 3 is a perspective view showing the appear- 
ance of the device of the first preferred embodi- 
ment of the present invention; 
Fig. 4 is a plan view showing a circuit board and 
an area around the same of a main circuit of the 
first preferred embodiment of the present inven- 
tion; 

Fig. 5 is a plan view showing a circuit board of a 
control circuit of the first preferred embodiment 
of the present invention; 

Fig, 6 is a front cross sectional view of the 
device of the first preferred embodiment of the 
present invention; 

Fig. 7 is a plan view showing a circuit board and 
an area around the same in the second pre- 
ferred embodiment of the present invention; 
Fig. 8 is a partially expanded plan view showing 
a connection part at which power source termi- 
nals and wiring patterns are connected in the 
second preferred embodiment of the present 
invention; 

Fig. 9 is a perspective view showing the appear- 
ance of the device of the second preferred em- 
bodiment of the present invention; 
Fig. 10 is a plan view showing a circuit board 
and an area around the same in the third pre- 
ferred embodiment of the present invention; 
Fig. 11 is a cross sectional view taken along the 
line B-B of Fig. 10; 

Fig. 12 is a perspective view showing the ap- 
pearance of the device of the third preferred 



embodiment of the present invention; 
Fig. 13 is an explanatory diagram showing the 
paths of principal currents within the device in 
the third preferred embodiment of the present 
5 invention; and 

Fig, 14 is a plan view showing a circuit part in a 
conventional device. j 

DESCRIPTION OF THE PREFERRED EMBODI- 
10 MENTS , 

[First Preferred Embodiment] 

(Circuit Structure and Operation of Device 100) 

75 

Fig. 2 is a schematic circuitry diagram showing 
a principal portion of a circuit 110 of a semiconduc- 
tor power module 100 according to a first preferred 
embodiment of the present invention. The normal 
20 rated output power and the maximum output cur- 
rent of the device 100 are respectively 440 V and 
30 A to 600 A, for instance. A frequency for bloc- 
king and connecting an output current is 10 to 20 
kHz. 

25 The circuit 110 comprises two circuit parts 120 

and 130, The main circuit 120 is a circuit part for 
control and output of an electric power. A high 
electric potential P and a low electric potential N of 
a direct current are applied to a power source 

30 terminal PS(P) and a power source terminal PS(N), 
respectively, from an external power source (not 
shown). That is, supply of an electric power to the 
main circuit 120 from the external power source is 
attained through the power source terminals PS(P) 

35 and PS(N), The main circuit 120 comprises six 
active elements for electric power control, i.e., 
IGBT elements T1 to T6. An electric power sup- 
plied to the main circuit 120 is controlled in accor- 
dance with IK V- and W- three phases to create 

40 controlled electric powers which will be respec- 
tively outputted outside the device 100 from three 
output terminals OUT(U), OUT(V) and OUT(W). 

The control circuit 130 is a circuit part for 
control of operations of the IGBT elements T1 to 

45 T6. The control circuit 1 30 comprises six active 
semiconductor elements IC1 to IC6. The semicon- 
ductor elements IC1 to IC6, in response to input 
signals V| N 1 to V| N 6 received at signal input termi- 
nals IN1 to IN6 from outside, send gate voltage 

so signals V G 1 to V G 6 to gates G of the IGBT ele- 
ments T1 to T6. In response to the gate voltage 
signals received, the IGBT elements T1 to T6 block 
and connect currents between collectors C and 
emitters E. j 

55 Four independent external direct current volt- 

age sources (not shown) are respectively connect- 
ed to associated power source terminal pairs which 
are formed by high potential side (positive) power 
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source terminals Vcc1 to V C c4 and low potential 
side (negative) power soutjpe terminals V EE 1 to 
V EE 4, whereby supply of a dc voltage to the semi- 
conductor elements IC1 to IC6 is attained through 
these power source terminals. The negative power 
source terminals V EE 1 to V EE 3 are electrically con- 
. nected to the emitters E of the IGBT elements T1 
to T3. The negative power source terminal V EE 4 is 
connected to the emitters E of the IGBT elements 
T4 to T6 which are at a common electric potential. 

The main circuit 120 is to conduct a relatively 
large current, and therefore, its circuit structure is 
designed to endure a large current and accom- 
panying large heat generation. On the other hand, 
the control circuit 130, intended to process a volt- 
age signal, is to carry a very small current. Hence, 
the circuit structure of the control circuit 130 is not 
designed to handle a large current. 

(Appearance of Device 100> 

Fig. 3 is a perspective view showing the ap- 
pearance of the device 100. The device 100 com- 
prises a case 101 which is made of insuiative 
material such as synthetic resin. On the top surface 
of the case 101, a lid 102 is placed. A terminal 103 
of the main circuit 120 and a terminal 104 of the 
control circuit 130 are projected from the top sur- 
face of the case 101 to outside the device 100. 

(Arrangement of Circuit Elements in Main Circuit 
120) 

Fig. 4 is a plan view of a circuit board 121 of 
the main circuit housed in the case 101 at a 
predetermined location. The circuit board 121 com- 
prises four circuit board bodies 121a to 121 d which 
are disposed on the top surface of a copper base 
122 which forms the bottom of the case 101* On 
the circuit board bodies 121a to 121d, the IGBT 
elements T1 to T6, passive circuit elements D1 to 
D6 associated to the IGBT elements T1 to T6 and 
the wiring patterns are disposed. The wiring pat- 
terns P(P), P(N), P(U), P(V) and P(W) transmit the 
high electric potential P, the low electric potential 
N t the U-phase output, the V-phase output and the 
W-phase output, respectively. Trtese wiring pat- 
terns are enough wide and thick to carry a large 
current. The wiring patterns are each connected to 
associated one of the power soiree terminals PS- 
CP) and PS(N) and the output terminals OUT(U), 
OUT(V) and OUT(W) at a portion which is shad- 
owed with oblique lines. 

The circuit board bodies 121c and 121d are a 
body part of the circuit board for connecting the 
IGBT elements T1 to T6 and the control circuit 
130. Of wiring patterns which are formed on the 
circuit board bodies, wiring patterns P(E1) to P(E6) 



are each connected to each one of the emitters E 
of the IGBT elements T1 to T6, the wiring patterns 
P(G1) to P(G6) are each connected to each one of 
the gates G of the IGBT elements T1 to T6. The 

5 IGBT elements T1 to T6 each comprise a detection 
circuit for detecting a current which flows through 
the collector C of the IGBT element (i.e., collector 
current) and for sending a voltage signal which 
corresponds to the collector current. Wiring pat- 

10 terns P(S1) to P(S6) are connected to the detection 
circuits of the IGBT elements T1 to T6 and transmit 
the detection signals regarding the collector cur- 
rents. The wiring pattern P(EX) is a wiring pattern 
for transmitting other signal. 

16 These wiring patterns are each connected, at a 

portion which is shadowed with oblique lines in the 
drawing, to an end of one of conductive pins 
(described later) which are connected to the control 
circuit 130. In other words, the wiring patterns are 

20 electrically connected to the control circuit 130 
through the conductive pins. Electrical connection 
is attained among the afore-mentioned elements 
and between the elements and the wiring patterns 
by means of a number of conductive wires w. 

25 The wiring patterns P(P) and P(N) formed on 

the circuit board body 121a transmit a positive and 
a negative power source potentials to the IGBT 
elements T1 to T6 to thereby supply the power 
source current to the IGBT elements T1 to T6. 

30 Hence, a large current flows in the wiring patterns 
P(P) and P(N) while intermittently and rapidly vary- 
ing in accordance with operations of the IGBT 
elements T1 to T6. In general, wirings which form a 
circuit includes a parasitic inductance. The induc- 
es tance gives rise to a high surge voltage in the 
wirings when a iarge current flows in the wirings 
and changes rapidly. 

In the device 100 of this embodiment, the 
wiring patterns P(P) and P(N), in which a large 

40 current rapidly and intermittently varies, are dis- 
posed on the circuit board body 121a with most 
areas (principal parts) located adjacent each other. 
Since alike the wiring patterns P(P) and P(N), the 
power source terminals PS(P) and PS(N) connect- 

45 ed to the wiring patterns P(P) and P(N) are dis- 
posed in the vicinity to each other, power source 
currents flow in the wiring patterns P(P) and P(N) 
approximately parallel to each other but in opposite 
directions, i.e., these currents flow in substantially 

so antiparallel directions. As mentioned above, the 
power source terminals PS(P) and PS(N) are dis- 
posed close to each other. For these reasons, a 
reduction is made in a parasitic inductance which 
is present in the path which extends from the 

55 power source terminal PS(P) to the power source 
terminal PS(N) through the wiring pattern P(P), the 
IGBT elements T1 to T6 and the wiring pattern P- 
(N). A result of this is a reduced surge voltage 
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which is created in the path due to a variation in 
the current. 

{Arrangement of Circuit Elements in Control Circuit 
130> 

Fig. 5 is a plan view of a circuit board 131 of 
the control circuit 130. Since the device 100 is 
used in a large current, the control circuit 130 is 
formed on a different board from the board mount- 
ing the main circuit 120 in which large heat is 
generated. On the circuit board 131, active semi- 
conductor elements IC1 to IC7, passive circuit ele- 
ments EL associated with the semiconductor ele- 
ments IC1 to IC7 and wiring patterns are seated. 
To prevent malfunction of the semiconductor ele- 
ments IC1 to IC7 which is induced by an electrical 
noise, the semiconductor elements IC1 to IC7 and 
the circuit elements EL associated with the same 
are located close to each other. That is, the major 
surface of the circuit board 131 is conceptually 
devided into a plurality of separated areas A1 to A7 
by imaginary boundaries shown with the dotted 
lines in Fig. 5. In each one of the areas A1 to A7, 
each one of the semiconductor elements IC1 to 1C7 
and the associated circuit element EL are arranged. 
Unlike the semiconductor elements IC1 to IC6, the 
semiconductor element IC7 is formed for a dif- 
ferent purpose. 

Through holes connected to the wiring patterns 
are formed in the circuit board 131 and other ends 
of the above-mentioned conductive pins are con- 
nected to the through holes. Via the conductive 
pins, the through holes TH(E1) to TH(E6), TH(G1) 
to TH(G6), TH(S1) to TH(S6) and TH(EX) are re- 
spectively connected to the wiring patterns P(E1) 
to P(E6), P(G1) to P(G6), P(S1) to P(S6) and P(EX). 
The circuit board 131 comprises the terminal 104 
which is connected to the wiring patterns and fur- 
ther to the external power source and the like 
mentioned earlier. 

The circuit elements formed on the circuit 
boards 121 and 131 are arranged so that each one 
of the semiconductor elements IC1 to IC6 and the 
associated circuit element EL are located approxi- 
mately above the relevant one of the IGBT ele- 
ments T1 to T6 to be controlled and the relevant 
one of the circuit elements D1 to D6 when the 
circuit boards are disposed to face each other one 
above the other as shown in Fig. 6. For example, 
the area A1 of the circuit board 131 including the 
semiconductor element IC1 and its associated cir- 
cuit element EL is to be located approximately 
right above the circuit board 121 at an area in 
which the IGBT element T1, the associated circuit 
element D1 and the like are arranged. This is also 
true of the other areas A2 to A7. By arranging the 
circuit elements in this manner, it is possible to 



further suppress malfunction of the semiconductor 
elements IC1 to IC6 which would be caused by an 
electrical noise from the circuit which is formed on 
the circuit board 121. 

5 The negative power source potential at the 

semiconductor elements IC1 to IC4 and IC7 is the 
same as the common emitjar potential of the IGBT 
elements T4 to T6. Hence, In the circuit board 131, 
the areas A4 to A7 are each required only to be 

io located above the circuit board 131 at an region 
where the IGBT elements T4 to T6 are included. 

(Cross Sectional Structure of Device 100) 

75 Fig. 6 is a front cross sectional view of the 

device 100. To finish the device 100 even smaller, 
the circuit boards 131 and 121 are arranged one 
above the other in the device 100, As described 
above, a plurality of conductive pins PI electrically 

20 connect the circuit which is formed on the circuit 
board 121 to the circuit which is formed on the 
circuit board 131. The circuit board bodies 121a to 
121d are made of ceramic or aluminum nitride and 
the bottom surfaces of the circuit board bodies 

25 121a to 121d are entirely covered with copper foils. 
By soldering the copper foil surfaces onto the top 
surface of a copper base 122, the circuit board 121 
is fixed to the copper base 122. On the top surface 
of the circuit board 121, the wiring patterns such as 

30 P(N) and P(W) are formed. On these wiring pat- 
terns, circuit elements such as the IGBT elements 
T3 and T6 are soldered. 

The copper base 122 which occupies most of 
the bottom of the device 100 is intended primarily 

35 for heat dissipation. More precisely, the copper 
base 122 discharges heat which is generated by 
power loss in the main circuit 120 to outside the 
device 100 to thereby prevent an excessive in- 
crease in the temperatures of the main circuit 120 

40 and the control circuit 1 30. 

The lid 102 is made of electrically insulative 
material such as synthetic resin. The bottom sur- 
face of the lid 102 is approximately covered in its 
entirety with a copper sheet 105 applied thereto. 

45 The copper sheet 105 is electrically connected to 
the power source terminal PS(N) and insulated 
from the other terminals except for the power 
source terminal PS(N), namely, the terminals 103 
and 104. This means that an electric potential at 

50 the copper sheet 1 05 is kept the same as the lower 
electric potential N, or a stable potential of the 
device 100. Hence, the copper sheet 105 shields 
an electromagnetic radiation noise. That is, the 
copper sheet 105 prevents the control circuit 103 

55 and the like from malfunctioning by allowing less 
electromagnetic radiation noise into the device 100. 
The copper sheet 105 also arrests leakage of an 
electromagnetic radiation noise which is generated 
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in the main circuit 120 and the like to outside the 
device 100. l ■ ' 

Actual use of the device: 100 requires that the 
external power source and other external device 
connected to the device 100 are disposed in the 
vicinity of the device 100. However, since the bot- 
tom of the device 100, to which the circuit board 
121 creating large heat is mounted, includes a heat 
dissipation structure as described earlier, the exter- 
nal device is to be disposed on the top surface of 
the device 100. This is the reason why the termi- 
nals 103 and 104 are located in the top surface of 
the device 100. The external device connected to 
the terminal 103 is a source of a particularly strong 
electrical noise which could cause the control cir- 
cuit 130 to fail to normally operate upon entrance 
into the control circuit 130. The structure that the 
copper sheet 105 is attached to the lid 102 effec- 
tively prevents entrance of an electrical noise into 
the control circuit 130. 

[Second Preferred Embodiment] 

A semiconductor power module 200 according 
to a second preferred embodiment of the present 
invention is equal to the device 100 of the first 
preferred embodiment as it is modified to further 
obviate a surge voltage by means of an improved 
structure as to the power source terminals PS(P) 
and PS(N). 

(Arrangement of Wiring Patterns in Main Circuit 
120) 

Fig. 7 is a plan view of the circuit board 121 of 
the main circuit which is mounted within the case 
101 of the device 200 at a predetermined location. 
The principal part of the circuit 110 of the device 
200 is similar to that of the device 100 as sche- 
matically shown in Fig. 2. Likewise in the device 
100, the wiring patterns P(P) and P(N) of the circuit 
board 121 are formed on the circuit board body 
121a in the vicinity to each other. 

Fig. 8 is a partially expanded plan view show- 
ing a connection part at which the power source 
terminals PS(P) and PS(N) and the wiring patterns 
P(P) and P(N) are connected, As tehown in Fig. 8, 
the power source terminals PS(P) and PS(N) are 
incorporated into one power terminal PS(NP). An 
external power source terminal EPS(NP) is a termi- 
nal which is electrically connected to the power 
sourqe terminal PS(NP) and connects the external 
power source to the power source terminal PS(NP). 

{Structure of Poser Source Terminal PS(NP)> 

Fig. 1 is a cross sectional view taken along the 
line A-A of Fig. 8. Inside the power source terminal 



PS(NP) ( the two power source terminals PS(P) and 
PS(N) each formed by a conductive plate are ar- 
ranged adjacent each other through a plate-like 
insulative sheet INS1 made of insulative synthetic 

s resin or the like sandwitched therebetween. The 
power source terminals PS(P) and PS(N) are elec- 
trically connected to the wiring patterns P(P) and 
P(N), respectively. The insulative sheet INS1 is 0.5 
mm to 1.5 mm in thickness, for instance. Hence, 

io with the insulative sheet INS1 interposed, currents 
flow in the power source terminals PS(P) and PS- 
(N) very close to each other in antiparallel direc- 
tion. As a result, as compared with the device 100, 
a further reduction is made in the parasitic indue- 

75 tance which is created in the path which is formed 
by the power source terminal PS(P), the wiring 
pattern P(P), the IGBT elements T1 to T6, the 
wiring pattern P(N) and the power source terminal 
PS(N), which in turn further reduces a surge volt- 

20 age which is created in the path in the device 200. 

The power source terminal PS(NP) is connect- 
ed to the external power source terminal EPS(NP). 
The external power source terminal EPS(NP) is 
also comprised of external power source terminals 

2s EPS(P) and EPS(N) which are each formed by a 
conductive plate and arranged adjacent each other 
with an insulative sheet INS2 made of insulative 
synthetic resin or the like sandwitched there- 
between. The insulative sheet INS2 has the same 

30 thickness as that of the insulative sheet INS1. The 
power source terminal (NP) and the external power 
source terminal EPS(NP) are bolted together by a 
conductive nut 126 which is buried in the top 
surface of the case 101 and a conductive bolt 127 

35 which is engaged with the nut 126. An insulative 
bushing INS3 is a cylindrical insulator and elec- 
trically insulates the bolt 127 from the power 
source terminals PS(P) and PS(N) and from the 
external power source terminals EPS(P) and EPS- 

40 (N). The power source terminal PS(N) and the 
external power source terminal EPS(N), being in 
contact each other, are electrically connected to 
each other. The power source terminal PS(P) and 
the external power source terminal EPS(P) are 

45 electrically connected to each other through the 
conductive nut 126 and the conductive bolt 127. 
The structure as above restrains the inductance 
present in the path mentioned above which in- 
cludes the external power source terminals EPS(P) 

so and EPS(N), and hence, reduces a surge voltage 
which is created in the path. 

(Appearance of Device 200) 

55 Fig. 9 is a perspective view showing the ap- 

pearance of the device 200. In the device 200, 
instead of the power source terminals PS(P) and 
PS(N) which are disposed in the device 100 sepa- 



8 



15 



EP 0 578 108 A1 



16 



rateiy from each other, one power source terminal 
PS(NP) is disposed as it is partially projected from 
the top surface of the case 101. In Fig. 9, the 
external power source terminal EPS(NP)| is omitted. 

[Third Preferred Embodiment] 

Fig, 10 is a plan view of a circuit board 321 
which comprises a copper base 322, which forms 
the bottom of a semiconductor power module 300 
of a third preferred embodiment of the present 
invention, and the device 300 mounted on the 
copper base 322. The device 300 comprises a 
circuit which corresponds to the main circuit 120 
which is schematically illustrated in Fig. 2. On the 
other hand, a circuit which corresponds to the 
control circuit 130 is not formed. The cross section 
along the line B-B of Fig. 10 is shown in Fig. 11. In 
Fig. 11, the respective parts are shown separately 
from each other. 

The circuit board 321 includes seven circuit 
board bodies 321a to 321 h. The circuit board bod- 
ies 321a to 321 h are each made of ceramic or 
aluminum nitride and the bottom surfaces of the 
circuit board bodies 321a to 321 h are approxi- 
mately entirely covered with copper foils 323a to 
323h respectively (Fig. 11 shows only the copper 
foils 323a, 323b, 323e and 323h). The surfaces of 
the copper foils 323a and 323c to 323h are sol- 
dered to the top surface of a copper base 322, 
whereby the circuit board bodies 321a and 321c to 
321 h are fixed to the copper base 322. The copper 
base 322 which occupies most of the bottom of the 
device 300 is intended primarily for heat dissipa- 
tion. More precisely, the copper base 322 dis- 
charges heat which is generated by power loss in 
the circuit to outside the device 300 to thereby 
prevent an excessive increase in the temperature 
of the circuit. 

On the top surface of the circuit board body 
321a, the wiring pattern P(N) for maintaining the 
low electric potential N and the wiring patterns P- 
(U), P(V) and P(W) for respectively transmitting the 

the V- and the W-phase outputs are formed. 
Formed on the top surface of the circuit board 
body 321b are the wiring pattern P(P) for maintain- 
ing the high electric potential P and wiring patterns 
P1(U), P1(V) and P1(W) which are respectively 
electrically connected by conductive wires w to the 
wiring patterns P(U), P(V) and P(W) which respec- 
tively transmit the U-, the V- and the W-phase 
outputs. On the top surfaces of the circuit board 
bodies 321c to 321h, wiring patterns P(G1) to P- 
(G6) are formed, respectively. The wiring patterns 
P(G1) to P(G6) are wiring patterns for transmitting 
the gate voltage signals V G 1 to V G 6 for the IGBT 
elements T1 to T6. 



The IGBT elements T1 to T3 and the passive 
circuit elements D1 to D3 are formed on the top 
surface of the wiring pattern P(P). The IGBT ele- 
ments T4 to T6 and the passive circuit elements 

5 D4 to D6 are soldered to the top surfaces of the 
wiring patterns P(U), P(V) and P(W), respectively. 
The respective elements and the wiring patterns 
are electrically connected to each other by the 
conductive wires w where necessary. By soldering 

w the copper foil 323b to, the wiring pattern P(P) 
surface to surface, the circuit board body 321b is 
fixed on the circuit board body 321a, 

The wiring patterns P(P), P(N), P(U), P(V), P- 
(W) and P(G1) to P(G6) are connected to the 

75 power source terminals PS(P) and PSfN), the out- 
put terminals OUT(U), OUT(V), OUT(W) and the 
input terminals PS(G1) to PS(G6) to electrically 
connect the wiring patterns to outside the device 
300. In Fig. 10, it is at portions which are shadowed 

20 with oblique lines where the wiring patterns and the 
terminals are connected to each other. 

Fig. 12 is a perspective view showing the ap- 
pearance of the device 300. the copper base 322 
is disposed at the bottom of a case 301 . In the top 

25 surface of the case 301, the terminals mentioned 
above are partially projected outside. The power 
source terminals PS(P) and PS(N) are formed as 
one integrated power source terminal PS(NP) as 
shown in Fig. 1. The power source terminal PS(NP) 

30 is connected to the external power source termi- 
nals EPS(NP) through the bolt 127. 

Fig. 13 is an explanatory diagram showing the 
paths of principal currents within the device 300. 
As shown in Fig. 13, a power source current sup- 

35 plied from the power source terminal PS(P) is 
appropriately shunted into each one of the IGBT 
elements T1 to T3 through the wiring pattern P(P). 
The shunted currents are respectively outputted to 
outside from the output terminals OUT(U), OUT(V) 

40 and OUT(W) through the wiring patterns P1(U), P1- 
(V) and P1(W) and the wiring patterns P(U) ( P(V) 
and P(W). Further, currents flow into the device 
300 from the output terminals OUT(U), OUT(V) and 
OUT(W) when necessary. These currents entering 

45 the device 300 flow through the wiring patterns P- 
(U), P(V) and P(W), respectively, join into one cur- 
rent at the wiring pattern P(N) and return to the 
power source terminal PS(N). 

These currents intermittently flow in accor- 

so dance with operations of the IGBT elements T1 to 
T6. Hence, if the parasitic inductance in the current 
path mentioned above is large, a high surge volt- 
age will be developed in the path, causing opera- 
tion failure and destruction of the circuit elements. 

55 In the device 300 of the thir<j preferred embodi- 
ment, however, as shown in Figs. 10 and 11, the 
wiring patterns P(P) and P(N) are disposed almost 
in contact each other with the circuit board body 
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321b sandwitched therebetween, In a region where 
these wiring patterns are formed, most portions 
(principal parts) of the wiring patterns are faced 
each other. The thickness of the circuit board body 
321b is 0,5 mm to 1.5 mm, for instance. The power 
source terminals PS(P) and PS(N) connected to the 
wiring patterns P(P) and P(N) are also disposed 
close to each other. As a result, in the wiring 
patterns P(P) and P(N), currents flow close to each 
other with the circuit board body 321 b sandwitched 
therebetween. The directions of the currents are 
opposite each other in the principal parts of the 
wiring patterns P(P) and P(N). Hence, the parasitic 
inductance present in the current path from the 
power source terminal PS(P) to the power source 
terminal PS(N) is suppressed. As a result, a surge 
voltage developed in the current path is restrained, 
thereby preventing malfunction and destruction of 
the circuit elements. 

While the invention has been described in de- 
tail, the foregoing description is in ail aspects illus- 
trative and not restrictive. It is understood that 
numerous other modifications and variations can be 
devised without departing from the scope of the 
invention. 

Claims 

1. A semiconductor power module comprising: 

(a) a semiconductor element for electric 
power control; 

(b) a power source terminal for transmitting 
a first potential and a second potential to 
said semiconductor element; 

(c) said power source terminal comprising a 
first conductor and a second conductor car- 
rying currents in substantially antiparallel di- 
rections. 

2. A semiconductor power module comprising: 

(a) a semiconductor element for electric 
power control; 

(b) a circuit board, comprising: 

(b-1 ) a circuit board body having a plate- 
like insulator; and 

(b-2) a first and a second wiring patterns 
disposed on one major* surface of said 
circuit board in such a manner that prin- 
cipal parts of said first and said second 
wiring patterns are adjacent each other, 
said first and said second wiring patterns 
* transmitting a first and a second power 
source potentials to said semiconductor 
element for electric power control, re- 
spectively; and 

(c) a first and a second power source termi- 
nals which are connected to said first and 
said second wiring patterns, respectively, 



said first and said second power source 
terminals being arranged in the vicinity of 
each other so that power source currents 
flow in said first and said second wiring 
5 patterns in substantially antiparallel direc- 

tions. 

3. A semiconductor power module comprising; 

(a) a semiconductor element for electric 
w power control; and 

(b) a power source terminal for transmitting 
a first and a second power source potentials 
to said semiconductor element for electric 
power control, 

15 wherein said power source terminal 

comprises: 

(b-1) an insulative sheet having an insula- 
tor of a substantially plate shape; and 
(b-2) a first and a second conductors 

20 each having a substantially plate shape 

for transmitting said first and said second 
power source potentials, respectively, 
said first and said second conductors 
being respectively mounted along a first 

S5 and a second major surfaces of said 

insulative sheet, said first and said sec- 
ond conductors carrying power source 
currents in substantially antiparallel direc- 
tions, 

30 

4. A semiconductor power module comprising: 

(a) a semiconductor element for electric 
power control; 

(b) a circuit board, comprising: 

35 (b-1) a circuit board body having a plate- 

like insulator; and 

(b-2) a first and a second wiring patterns 
respectively formed in a first and a sec- 
ond different planes which are parallel to 

40 a major surface of said circuit board 

body in such a manner that principal 
parts of said first and said second wiring 
patterns are facing each other, said first 
and said second wiring patterns transmit- 

45 ting a first and a second power source 

potentials to said semiconductor element 
for electric power control, respectively; 
and 

(c) a first and a second power source termi- 
50 nals which are connected to said first and 

said second wiring patterns, respectively, 
said first and said second power source 
terminals being arranged in the vicinity of 
each other so that power source currents 
55 flow in said first and said second wiring 

patterns in substantially antiparallel direc- 
tions. 
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5. A semiconductor power module comprising: 

(a) a semiconductor element for electric 
power control; and 

(b) a power source terminal for transmitting 
a first and a second power source potentials 
to said semiconductor element for electric 
power control, said power source terminal 
comprises: 

(b-1) a first insulative sheet having an 
insulator of a substantially plate shape; 
and 

(b-2) a first and a second conductors 
each having a substantially plate shape 
for transmitting said first and said second 
power source potentials, respectively 
said first and said second conductors 
being respectively mounted along a first 
and a second major surfaces of said first 
insulative sheet, said first and said sec- 
ond conductors carrying power source 
currents in substantially antiparallel direc- 
tions; and 

(c) an external power source terminal con- 
nected to said power source terminal by a 
connection member of an excellent con- 
ductivity, said external power source termi- 
nal comprising: 

(c-1) a second insulative sheet having an 
insulator of a substantially plate shape; 
and 

(c-2) a third and a fourth conductors 
each having a substantially plate shape 
for transmitting said first and said second 
power source potentials, respectively, 
said third and said fourth conductors be- 
ing respectively mounted along a third 
and a fourth major surfaces of said sec- 
ond insulative sheet, said third and said 
fourth conductors carrying power source 
currents in substantially antiparallel direc- 
tions, 

wherein said power source terminal and 
said external power source terminal are con- 
nected by said connection member in such a 
manner that said first and said third conductors 
are in pressure contact and hence in electrical 
connection to each other, and said second and 
said fourth conductors, each in pressure con- 
tact to said connection member, are electri- 
cally coupled to each other through said con- 
nection member. 

6. The semiconductor power module of claim 1 , 3 
or 5, further comprising 

(c) a circuit board, said circuit board com- 
prising 

(c-1 ) a circuit board body having a plate- 
like insulator; and 



(c-2) a first and a second wiring patterns 
disposed on one major surface of said 
circuit board body in such a manner that 
principal parts of said first and said sec- 

6 ond wiring patterns are adjacent each 

other, said first and said second wiring 
patterns transmitting a first and a second 
power source potentials to said semicon- 
ductor element for electric power control, 

10 respectively, sajd first and said second 

wiring patterns being connected to said 
first and said second conductors, respec- 
tively. 

75 7. The semiconductor power module of claim 1 , 3 
or 5, further comprising 

(c) a circuit board, said circuit board com- 
prising 

(c-1) a circuit board body having a plate- 

20 like insulator; and 

(c-2) a first and a second wiring patterns 
respectively formed in a first and a sec- 
ond different planes preferably corre- 
sponding to a first and second major 

25 surfaces of said circuit board, respec- 

tively, and which are parallel to a major 
surface of said circuit board body in such 
a manner that principal parts of said first 
and said second wiring patterns are fac- 

30 ing each other, said first and said second 

wiring patterns transmitting a first and a 
second power source potentials to said 
semiconductor element for electric power 
control, respectively, said first and said 

as second wiring patterns being connected 

to said first and said second conductors, 
respectively. 

8. The semiconductor power module of one of 

40 claims 1 to 7, wherein said semiconductor 

element for electric power control comprises: 
(a-1) a first switching element having a first 
high electric potential side output terminal 
and a first low electric potential side output 

45 terminal, said first high electric potential 

side output terminal being connected to 
said first power source potential, said first 
low electric potential side output terminal 
being connected to an end of a load, said 

so first switching element alternately conduct- 

ing and blocking a current flow between the 
pair of said output terminals; and 
(a-2) a second switching element having a 
second high electric potential side output 

55 terminal and a second row electric potential 

side output terminal, said second high elec- 
tric potential side output terminal being con- 
nected to said end of said load and said 
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first low electric potential side output termi- 
nal, said second lowyelectric potential side 
output terminal being -connected to said first 
power source potential, said second switch- 
ing element alternately conducting and 
blocking a current flow between the pair of 
said output terminals; 
said first switching element preferably 
comprising (a-1-1) a first insulative gate bipolar 
transistor having a first collector terminal, a 
first emitter terminal and a first gate terminal, 
said first collector terminal functioning as said 
first high electric potential side output terminal, 
said first emitter terminal functioning as said 
first iow electric potential side output terminal, 

said second switching element preferably 
comprising (a-2-1) a second insulative gate 
bipolar transistor having a second collector ter- 
minal, a second emitter terminal and a second 
gate terminal, said second collector terminal 
functioning as said second high electric poten- 
tial side output terminal, said second emitter 
terminal functioning as said second low electric 
potential side output terminal. 

9. The semiconductor power module of claim 9, 
further comprising (c) a control circuit for con- 
trolling operations of said semiconductor ele- 
ment for electric power control, 

said control circuit transmitting a control 
voltage signal to said first and said second 
gate terminals, and preferably comprising: 
(c-1) a first semiconductor element for 
transmitting a control voltage signal to said 
first gate terminal; and 
(c-2) a second semiconductor element for 
transmitting a control voltage signal to said 
second gate terminal. 

10. The semiconductor power module of claim 8 
or 9, further comprising (d) a main circuit 
board for mounting on its major surface said 
first and said second insulative gate bipolar 
transistors, said main circuit board comprising: 

(d-1) a main circuit board body having a 
plate-like insulator, and being preferably 
made substantially of aluminium nitride or 
ceramic; 

(d-2) a first wiring pattern^ disposed on said 
main circuit board body,* said first pattern 
connecting said first collector terminal to 

( said first conductor; and 
(d-3) a second wiring patter disposed on 
said main circuit board body, said second 
pattern connecting said second collector 
terminal to said second conductor; 
said control circuit board and said main 

circuit board being preferably arranged in an 



approximately parallel and opposite relation to 
each other. 

11. The semiconductor power module of claim 10, 
5 wherein said control circuit further comprises 

(c-3) a control circuit board for mounting said 
first and said second semiconductor elements, 
said control circuit board being separated from 
said main circuit board. 

10 

12. The semiconductor power module of claim 10 
or 1 1 , further comprising (e) a plate having an 
excellent thermal conductivity mounted to a 
major surface of said main circuit board which 

75 is opposite to sard major surface on which said 

first and said second insulative gate bipolar 
transistors are seated, and being preferably 
made substantially of copper. 

20 13. The semiconductor power module of claim 11 
or 12, wherein said first semiconductor ele- 
ment is disposed on said control circuit board 
at a position which faces said first insulative 
gate bipolar transistor to which said first semi- 

26 conductor element provides a control voltage 

signal, 

and wherein said second semiconductor 
element is disposed on said control circuit 
board at a position which faces said second 
30 insulative gate bipolar transistor to which said 

second semiconductor element provides a 
control voltage signal. 

14. The semiconductor power module of claim 12 
35 or 13, further comprising (f) a frame member 

secured to said plate having an excellent ther- 
mal conductivity, 

wherein said frame member and said plate 
having an excellent thermal conductivity form a 
40 case, respectively as a side wall of said case 

and the bottom of said case, 

and wherein said case houses said main 
circuit board, said semiconductor element for 
electric power control, and said control circuit. 

45 
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